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Abstract

Main features of gas-ionization sapling caleri-
reters are ctlined and corpared with acrylic scintil-
lator wave—lemgth shifter calorimeters. Calorizetry
by tracc comting using Geiger and limited strearer
mdes is discssed.

Introduction

Gas ionization sarpling calorimeters have baocre
pooular in the lz23t few years ~ MAC detector 3t SIAC,l
CLED az Cornall,® and the neutrino esperiment” at CERN
have built detecrors using proportional tubes for sam-
pling energy produced by elecoramagnetic and hadronic
cascades, At Fermilsh, a shower detector using propor-
tional wire chacbers was built and tested toward do—
veloping a large system for the Dp experirent at 2 TeV
center of mass energy.

why Gas Sampling Calorimetry

The pxpose of this paper is to summarize the re-
cent: data to £ind an answer to this questcion. The
wwage of prooortional counters in calorimetry is an
old ié2a®, Proporticnal chambers or arrays of propor-
tional tubes are sandviched together generally with
lead plates or irom plates to sample a small fraction
of the total energy through electromagnetic cascadss
for electrons, positrons and gammas, and hadronic and
electroraqnetic cascadss for the hadrons.

Same of the reascns that makss mroportional drift
tubes or chaers attractive for calorimetry are sum-
rarized in the following:

a. They are relatively insensitive to magnetic
field as corpared to photariltiplier tubes in
Cetecting Cherenkov or scintillation light.

Thare is no Charenkov light problem as occurs
with wave—length shifter bars collecting licht
froo scintillators.

It is easier to bring signals out using wires
and eables than gquiding light by light quides.

Projected detector gecametry (projecting to
target) can be conveniently provided by using
cathode pads detecting induced signals. ‘this
is like a tower structwre follawing the energy
flow out of the target.,

Transverse positicn of the electirmagnatic
cascades (showers) can be determined to a Uppg
of 1 mm easily™. A O = 7 mm was reasured
for ha2rons of 28 Gov (22f. 7).

A natamral consequence of using wires, cathode
strips, and pads is_excellent unarbigquous mul-
tishower resolution® of 2-5 cn chtained de-
pending on separation efficiency.

Gas ionizaticon sarpling calorimeters provide
reascriably good energy resslution. Same ex~
pericental nutbers from electromagnetic cal-
orizcters and the roferenoes are given in
Table I. In the table the gas sampling and
the acrylic scintillator and wave~length
shifter devioes are campared. Other types
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are beyond the scope of this paper. It is
also a fact that acrylic scintillator is the
mast widely used material for calorimetry
these days. The table shows that the ererqgy
resolution gets saewhat worse as the scin-
tillator size is larger. This may be dus to
hanuni form light collection or low photoslec—
tron statistics if the wmiformity is achieved
at the egpense of photons by using some
shorter wave-length filtering techniques,

The differences in energy resolutinn of scin-
tillator and gas sampling devices may become

winportant at high encrgies. The future use
of these devices is going to be in this direc-
tion. Fig. } shows the energy resclution rml-

tiplied by (E/t) 172 against the sampling thick-—
ness from several studies.

For gas sampling hadronic calorimetry, there
is very little data at this time. R. L.
Anderson et al. reportedl an energy resolu—
tion of Omg = .75/ °/E for pions of 1-15 GsV
using 2.7 om thick iron plates as converters.

Pulse height and gain calibration has been cne
of the difficulties of scintillation calori-
meters. Pulse height calibration was conve-
niently achieved to 1-2% by the Fermilab ex-
periment? using the 22 KeV line of a few cat0?
sources positioned on certain chambers. Those
few wires monitored the gain variations due

to changes in atmospheric pressure, environ-
ments temperature, and the gas ocompositions.
This worked cut very well since these quanti-
ties change very slowly in time. The gain
uniformity of $2% across the chambers and #4%
betveen the chambers was found to bhe quite
possible,

Cost of gas sampling calorimeter systems is
reasonable since the extruded aluminum or
plastic drift-tube detectors are inexpensively
constructed, and wires are comnected together
in depth resulting in a manageable muber Of
readout channels,

Unconventional Metheds

Gas sampling calorimetry in the Ceiger modc“
limited streamer mode may becare two new techniques
that lock pramising in improving energy resolution and
further easing thf 4pulse height calibration. W.
Carithers et al.,”” LBL, has recently studied the
Geiger mode of ,_o_peration and found an energy resoluticn
of ¢ % 0,12/ E for electron energies up to 5 GV,
Meove this energy, the detector showed saturation ef-
fects which may be due to the fact that in the Gelger
charber there were nylon wires orthogonal to the signal
wires with a spacing of 1 am, thus limiting the Geiger
spread to 1 on along the wire. Within this limit, the
pulse height would be the same for multiple tracks as
for a single track.

and

Recently investigating pulses fram a drift tibe,
the author noticed that large pulses of uniform height
may occur when the avalanche size exceeds 8 x 100 elec-
tron-ion pairs in a gas mixturc of 49.5% A - 49.5% €M, |
1% QI,CHL0H.  The pulses may be called limited strecarer
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FPig. 1. Energy resolution results from several
studies. Acrylic scintillator results are indicated
by small circles (©) and gas sampling results are in-
dicated by large dots (e). The studies are referenced
by the nutbers shown.

pulsesz. The cross section of the drift tube was 1.2 x
1.2 an”, and the anode wire was 100 um thick. Fig. 2
shows the pulses directly cobtained from the wire into
50 § (oscilloscope picture of Tektronik 485 with no am
plifier). The pulse helgigg distribution of the pulses
from 5.9 keV x-rays of Fe”> and the cosmic ray pulses
are shown in Figs 3a and 3b, respectively.
case, pulses are not proporticnal to_the energy unlike
what is seen by G. D. Alexeev et al.l> The Landau dis-
tribution expectad from cosmic rays becomes Gaussian-
like., Double streamers may be occurring for those cos-
mic rays which go through the tube at some angle,

In this

Second streamers ccowrring sametime later than the first
do not give rise twice the pulse height for the reason
indicated in Fig. 4. The double streamers did result
in twice the pulse height as the single streamer in
charge sensing mode, as will be shown further in the
text. High woltage dependence of the pulse height in
the proportional and the limited streamer regions is
shown in Fig, 5. It increases very slowly in the lim-
ited streamer region as the high voltage is increased,
There is a sharp transition from the proportional re-
gion to lJ.miteg streamer region above the avalanche
size of 8 x 10° electrons.

Cosmic rays were used to investigate the minimum
space requirement for producing double streamers alony
a wire. A pair of small scintillator telescopes were
used for limiting the cosmic ray angles which provided
a trigger for a Le Croy OWT. Fig. 6 shows that three
Or more streamers may occur within the projected length
of 6 m along the anode wire within a 300 nsec time in-
terval. To obtain this, high woltage was kept high,
3300 V. The result indicates that two streamers can
occur within 2 mm along the wire, and some of the elec—
tron clusters are large encugh to reach the critical
avalanche size. The pulse height resolution for mul-
tiple streamers is expected to get better if maltiple
tracks are detected simultaneocusly.

Fig. 2. The limited streamer pulses chserved on an
osciloscope screen directly across 50 Q. Horizontal
scale is 50 nsec/div and vertical scale is 10 mv/div.
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Fig. 3a. The pulge height distribution of the 5.3 keV
x-rays from an Fe 3 source.

Fig. 3b. The pulse height distributicns of the cosmic
rays. The pulse height analyzer (Le Croy VT 3001) was
used in peak sensing mode for the pictures.
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Fig. 4. A sample display of a single and double
ing

streamer pulse across a 50 0 impedance.
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Fig. 5. High voltage dependence of the mean pulse

height of the 5.9 keV line in the proporticnal and the
limited streamer regions.

Fig. 6. A picture of multiple streamers within & mm
along the anode wire. Single, double, and triple
streamers are resolved.



very useful discussions and M. Hrycyk for canstructing
the device.
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